Introduction
Flavour changing single quark Q → q + γ transitions, induced by loop diagrams, are a basic feature of the electroweak standard model 1 . The calculation 2 of the amplitude of such transitions from the electroweak model needs to be complemented by the inclusion of QCD corrections 3 . It is of obvious interest to identify physical processes in which these transitions contribute significantly. Such processes would test the standard model at the one loop level, as well as the procedure of administering to it the QCD corrections and then possibly provide windows to physics beyond the standard model.
Although the s → dγ transition was the first to be investigated 1,2,4,5 in detail, with the aim of relating it to physical radiative processes of kaons and hyperons, it is the b → sγ transition 6 which has conquered the limelight during recent years. Since it was shown 7 that the enhancement provided by the QCD corrections to the b → sγ transition brings the inclusive B → X s γ and the exclusive B → K * γ modes into the realm of possible detection, the radiative penguin decays of the b-quark have received considerable attention. This has resulted in the calculation of the gluonic corrections fully to the leading order 8 and partially at the next-toleading order 9 . The recent measurements by the CLEO collaboration of the inclusive rate with the error due mainly to the uncertainty in the choice 13 of the renormalization scale.
The completion of the next-to-leading order calculation will reduce significantly the theoretical uncertainty.
It is our purpose to review here the present status of the s → dγ transition and to analyze the possibility of its detection. Before turning to the main topic, we remark that the contribution of the c → uγ transition in charm decays has been analyzed 14 recently in detail. It turns out that the electroweak c → uγ QCD uncorrected transition has a minuscule branching ratio of about 10 −17 (vs. 10 −4 in the b → sγ case). The inclusion of gluonic corrections raises dramatically this figure to nearly 10 −11 ; however, this is still extremely small and as a result the domain of weak radiative decays of charmed particles is expected to be dominated by various long distance contributions.
The Flavour-Changing Q → qγ Transition in the Standard Model
The penguin amplitude for the transition of heavy quark Q to a light quark q, with quarks Q, q on the mass-shell is given 1,2 by 
it could also contribute, in principle, to leptonic decays of hyperons, like
The QCD corrections are calculated by using an operator product expansion combined with renormalization group techniques. The effective Hamiltonian has the form 
where P R , P L are projection operators. 7γ . In the next section, we shall discuss explicit calculations of the contribution of the short-distance s → dγ to several kaon decays.
Short-Distance s → dγ Contribution in Kaon Decays
The decay which has been firstly considered in detail 15 as a possible handle on the s → dγ transition, with a virtual photon, is
The decay amplitude can be written as
where 
etc. (CKM angles). A contains shortdistance (SD) and long-distance (LD) contributions. The LD includes (a) transitions
, it turns out that the contributions from Z o -penguin and W-box are only a few percent of the main short-distance part which is due to the c-quark in the electromagnetic penguin loop. One finds 16 A SD = 0.10, hence the SD contribution to the rate is negligible and one cannot hope to detect its effect in rate or spectrum. This is also the reason for choosing (4) for the amplitude representation, despite the fact that in principle there is an axial part from O 9A .
There is, however, the possibility of detecting the short-distance contribution in 
We shall not discuss these decays in detail here except for a few general remarks, and we refer the reader to Refs. [18, 24] for reviews on these modes. The 
is also dominated by short-distance diagrams 27 and proceeds via direct CP-violation. The theoretical analysis predicts 18 10
We now turn to the part of s → dγ which occurs only in decays to real photons, namely the magnetic transition F 2 of Eq. (1). Firstly, with the normalization of Eqs. (1), (2),
has been calculated recently by using the expressions of Buras et al. 12 , with their anomalous dimension matrix, which gives c ef f to the input parameters, which in the leading log approximation is of the order of at least 50%.
The most frequent kaon decay sensitive to
. The general form of the amplitude for the direct decay is
It has a parity-conserving magnetic transition A and a parity-violating electric transition B.
The former appears to be the dominant contribution and the SD s → dγ contributes to it via F 2 . The calculation of Ref. 30 shows that this contribution, again, is only a few percent of the LD contributions 31 , which reproduce the experimental findings. Hence, here again, the branching ratio or the γ-spectrum cannot be used to reach the s → dγ transition.
Dynamics of Hyperon Radiative Decays
Since the more frequent radiative kaon decays are not useful for investigating the SD s → dγ transition, we turn to the baryonic (s,d,u) sector, in particular, the hyperon radiative decays.
These decays, despite intensive attention during nearly thirty years, are still plagued with notorious discrepancies between theoretical models and experiment (see Ref.
32 for a recent review). The general form of the amplitude for such decays is
where H, H ′ are spin 1 2 baryons. As such, it is an ideal place for investigating the F 2 transition of Eq. (1).
For our purpose here, we note that the seven weak radiative decays which can occur within the octet and decuplet, can be divided 33 from a dynamical point of view into two groups,
and the "non-pole decays"
The contribution of the SD s → dγ to the "pole decays", occurring with branching ratios of the order of 10 −3 , is negligible 34, 35 . The second group of decays involves particles Ω − (sss), Ξ − (ssd), Σ − (sdd) with no u-valent quark, hence there are no W-exchange diagrams to generate poles. These decays may proceed via twohadron intermediate states 34, 36 ; since they are expected to have fairly low branching ratios (10 −4 − 10 −5 ), it has been suggested 35 that the contribution of the SD s → dγ in the rate or in the asymmetry of decay might be detectable in some of them, especially Ω − → Ξ − γ. On the other hand, for Ω − decay there is only an upper limit 37 Br(Ω − → Ξ − γ) < 4.6 × 10 −4 .
Short-Distance and Long-Distance
In this section we concentrate on the s → dγ contribution to the "non-pole" group of hyperon decays, in particular to Ω − → Ξ − γ. In addition to the SD contribution 28, 29 , there is also 28 a long-distance contribution of s → dγ, which will be analyzed here.
Firstly, we note that the s → dγ transition (whether short-or long-distance) cannot be the dominant transition in all hyperon radiative decays. Indeed, if one assumes 5 that its strength can be derived from the observed Σ + → pγ rate, the other radiative decays are predicted to be much larger than observed.
The SD amplitude for s → dγ is given by the F 2 term in Eq. (1 
where a 2 is a QCD correction factor and
After extracting the transverse part of the amplitude in (7) to couple it to photons, the s → dγ amplitude including both SD and LD contributions is given by In concluding, we stress that the more frequent kaon radiative decays are not profitable terrain for investigating the s → dγ transition and one must pursue the detection of the very rare decays, like
o νν in order to check the SD diagrams.
On the other hand, the Ω − → Ξ − γ decay might provide very useful information on the SD/LD ratio in s → dγ. In fact, from (8) and the experimental upper limit on Ω − → Ξ − γ we already know that (LD/SD) ≤ 25 in this decay. Thus s → dγ represents an intermediate situation between the SD dominated b → sγ, and c → uγ decays where the SD contribution is negligible.
